Heightened reactivity to uncertain threat (U-threat) is an important individual difference factor that may characterize fear-based internalizing psychopathologies (IPs) and distinguish them from distress/misery IPs. To date, however, the majority of existing research examining reactivity to U-threat has been within individuals with panic disorder and major depressive disorder (MDD) and no prior study has directly tested this hypothesis across multiple IPs. The current study therefore explored whether heightened reactivity to U-threat is a psychophysiological indicator of fear-based psychopathology across 5 groups: current (a) social anxiety disorder (SAD); (b) specific phobia (SP); (c) generalized anxiety disorder (GAD); (d) MDD; and (c) individuals with no history of psychopathology (controls). All 160 adults completed a well-validated threat-of-shock task designed to probe responses to predictable (P-) and U-threat. Startle eyeblink potentiation was recorded as an index of aversive arousal. Results indicated that individuals with SAD and SP evidenced greater startle potentiation to U-threat, but not P-threat, relative to individuals with GAD, MDD, and controls (who did not differ). The current findings, along with the prior panic disorder and MDD literature, suggest that heightened reactivity to U-threat is a psychophysiological indicator of fear-based disorders and could represent a neurobiological organizing principle for internalizing psychopathology. The findings also suggest that individuals with fear disorders generally display a hypersensitivity to uncertain aversive events, which could contribute to their psychopathology.
Internalizing psychopathologies (IPs), including mood and anxiety disorders, commonly co-occur within the same individual (Kessler et al., 2005 (Kessler et al., , 1994 . Among individuals with a current IP, between 35% and 65% have a lifetime diagnosis of a separate, additional IP (Brown, Campbell, Lehman, Grisham, & Mancill, 2001; Kessler et al., 2005) . This pattern of comorbidity has called into question the validity of discrete IP diagnoses and our current psychiatric nosology (Insel et al., 2010; Kendell & Jablensky, 2003) . It has also stimulated a considerable amount of research on the unique and shared aspects of IPs in an effort to better understand the etiology and pathophysiology of depression and anxiety and potentially refine our diagnostic system based on empirically validated organizing principles.
Toward this end, evidence indicates that all IPs share several factors including high levels of negative affect and neuroticism (Clark & Watson, 1991; Shankman & Klein, 2003; Watson, 2009 ).
Data also suggest that there are important distinctions. Most notably, several large-scale factor analytic and family studies indicate that the IPs cluster into two distinct, broad factors labeled "distress/misery" and "fear" (Hettema, Prescott, Myers, Neale, & Kendler, 2005; Slade & Watson, 2006; Vollebergh et al., 2001; Watson, 2005) . Twin studies of comorbidity have also found these two factors, highlighting that this structure occurs both phenotypically and genotypically (Kendler, Prescott, Myers, & Neale, 2003) . Major depressive disorder (MDD), dysthymia, and generalized anxiety disorder (GAD) each load onto the "distress/misery" dimension, whereas panic disorder, social anxiety disorder (SAD), and specific phobia load onto "fear." The findings for posttraumatic stress disorder (PTSD) and obsessive-compulsive disorder (OCD) are mixed as PTSD and OCD include aspects of both distress/misery and fear (Raines, Allan, Oglesby, Short, & Schmidt, 2015; Watson, 2009) . Importantly, laboratory studies support the above distinction and have begun to identify unique behavioral and neural correlates of the two factors (Lang, McTeague, & Bradley, 2016; Nelson et al., 2015; Shankman et al., 2013) . This line of work is noteworthy for many reasons as it broadly seeks to link IP diagnoses to core neurobiological systems and mechanisms of dysfunction consistent with the National Institute on Mental Health's (NIMH) Research Domain Criteria (RDoC) initiative (Cuthbert, 2014; Insel et al., 2010; Kozak & Cuthbert, 2016) . It is the hope of both RDoC, and the field at large, that by examining basic, transdiagnostic mechanisms underlying psychopathology, the field will uncover neurobiologically based diagnostic phenotypes that will aid in the development of targeted, mechanistically driven interventions.
One neurobiological construct that may characterize fear-based IPs, and distinguish them from distress/misery disorders, is heightened reactivity to uncertain threat (U-threat), defined as threat that is unpredictable in its temporality, intensity, frequency, or duration. U-threat is a specific form of stress/threat that elicits a generalized feeling of apprehension and hypervigilance that is not associated with a clearly identifiable source, referred to as anticipatory anxiety (Barlow, 2000; Davis, 1998; Jackson, Nelson, & Proudfit, 2015) . U-threat is in contrast with predictable threat (P-threat), which is signaled by a discrete cue and elicits a phasic response to an identifiable stimulus that is time-locked to the threat (Barlow, 2000; Davis, Walker, Miles, & Grillon, 2010) . U-threat and P-threat produce distinguishable aversive states that are pharmacologically distinct (Grillon et al., 2006) and mediated by overlapping, but separable, neural circuits (Alvarez, Chen, Bodurka, Kaplan, & Grillon, 2011; Davis, 2006) . More specifically, both fear and anxiety are mediated by initial activation of the basolateral nucleus of the amygdala (BLA) by sensory inputs (Tovote, Fadok, & Lüthi, 2015) . From the BLA, however, the two circuits diverge (see Davis et al., 2010 for a review of the neural circuits mediating fear vs. anxiety). With regard to fear, the BLA activates the medial division of the central nucleus of the amygdala, which directs information to the hypothalamus and brainstem to generate "fight or flight" responses. For anxiety, the BLA and the paraventricular nucleus of the hypothalamus together activate the lateral division of the central nucleus of the amygdala, which engages the bed nucleus of the stria terminalis (BNST)-a region essential for sustained apprehension (Walker, Toufexis, & Davis, 2003) . It is the BNST that then sends outputs to the same hypothalamic and brainstem targets implicated in fear to produce anticipatory anxiety. Although fear and anxiety, and therefore response to P-and U-threat are clearly related, they are also distinct and accumulating evidence points to the fact that individual differences in reactivity to U-threat (specifically) play a role in the onset and maintenance of multiple forms of psychopathology, especially internalizing disorders (see Grupe & Nitschke, 2013 ; for a review). Thus, in recent years, reactivity to U-threat has emerged as a key, transdiagnostic clinical construct.
In order to isolate reactivity to U-threat in the laboratory, Grillon and colleagues developed the widely used no-predictableunpredictable threat (NPU) paradigm (Schmitz & Grillon, 2012) . Throughout the task, startle eyeblink responses are recorded as an index of aversive arousal, which is useful as a research tool given that startle is sensitive to changes in both valence and arousal (Lang, 1995; Lang, Bradley, & Cuthbert, 1990) and is relatively easy to record across multiple species (Davis, 1998 (Davis, , 2006 . To date, there have been a number of studies that have utilized the NPU paradigm and related tasks that manipulate the predictability of threat. Preliminary findings indicate that there is an important association between reactivity to U-threat and fear-based psychopathology. For instance, across several indices of aversive responding (e.g., startle, neural response, skin conductance) individuals with panic disorder have been shown to exhibit heightened aversive reactivity to U-threat relative to healthy controls Grillon et al., 2008; Richter et al., 2012; Shankman et al., 2013) . Reactivity to U-threat has also been shown to uniquely predict family history of panic disorder, but not MDD, above and beyond an individuals' own psychopathology , suggesting that reactivity to U-threat is a familial risk factor for panic disorder. Although there have been only a handful of studies on U-threat in fear-based disorders other than panic disorder, there is some initial evidence to suggest a similar pattern in individuals with SP (Straube, Mentzel, & Miltner, 2007) and PTSD (Grillon et al., 2008; Simmons et al., 2013) .
As for the distress/misery disorders, one prior study showed that individuals with GAD do not display heightened reactivity to U-threat (Grillon et al., 2009) . Our laboratory has also demonstrated in several studies that individuals with MDD and healthy controls do not differ in their reactivity to U-threat Shankman et al., 2013) , and that reactivity to U-threat is not associated with familial risk for MDD . Meanwhile, however, Grillon and colleagues have found the opposite-individuals with MDD display greater reactivity to U-threat compared with healthy controls (Grillon, Franco-Chaves, Mateus, Ionescu, & Zarate, 2013; Robinson et al., 2012) . The findings within depression are therefore mixed.
Taken together, converging evidence suggests that heightened reactivity to U-threat is a clinically important individual difference factor that characterizes fear-based IPs and may distinguish them from distress/misery IPs. This hypothesis has been propelled by the panic disorder literature and to date very few studies have investigated whether principal fear disorders besides panic disorder (i.e., SAD and SP) are associated with heightened reactivity to U-threat. Although a few studies have shown that PTSD is associated with reactivity to U-threat, PTSD loads onto the fear and distress/misery dimension making it difficult to conceptualize in the two-factor framework (Forbes et al., 2011) . There have also been some mixed findings within the depression literature, calling This document is copyrighted by the American Psychological Association or one of its allied publishers.
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into question the specificity of the association between reactivity to U-threat and fear-based IPs. Research examining reactivity to U-threat across distress/misery and fear IPs, including SAD and SP, is therefore critically needed to clarify this literature. The current study was designed to address these gaps and examine whether startle potentiation to U-threat is uniquely associated with fear-based psychopathology. As noted above, our lab has shown in prior papers that panic disorder is related to heightened reactivity to U-threat Nelson et al., 2013; Shankman et al., 2013) . Therefore, the current study sought to test whether these panic disorder findings generalized to other forms of fear-based psychopathology. The sample was accordingly comprised of 5 diagnostic groups: those with current (a) SAD, (b) SP, (c) GAD, (d) MDD, and (d) no lifetime history of psychopathology (i.e., controls). All participants completed the NPU-threat paradigm during which startle eyeblink potentiation was recorded. It was hypothesized that individuals with SAD and SP would display heightened startle potentiation to U-threat, but not P-threat, relative to individuals with GAD and MDD and healthy controls who would not differ from each other.
Method

Participants and Procedure
Participants were drawn from two larger studies designed to examine individual differences in threat responding across internalizing disorders. Both studies were conducted at the University of Illinois at Chicago, used similar recruitment techniques, and had identical laboratory protocols, making them well-suited for combined analyses. All participants were recruited via advertisements posted in the Chicago community, local psychiatric clinics, and nearby college campuses. A variety of advertisements were used to target different populations in an effort to enroll a diverse, internalizing disorder patient sample. Of the 160 volunteers included in the current study, 80 came from Study 1 and 80 from Study 2. Both protocols were approved by the university Institutional Review Board and participants provided written informed consent. In both studies, participants completed a set of laboratory tasks, a battery of questionnaires and a semistructured clinical interview, and received cash as payment for participation.
Study 1 was designed to recruit individuals with no lifetime history of psychopathology (i.e., controls) and treatment seeking adults with internalizing psychopathology severe enough to warrant randomization to cognitive-behavioral therapy or selective serotonin reuptake inhibitors (SSRIs). Participants were required to be 18-to 65-years-old and able to provide consent. Exclusion criteria included a major active medical or neurological problem, lifetime history of mania or psychosis, any contraindication to receiving SSRIs, being already engaged in psychiatric treatment (including medication), history of traumatic brain injury, lefthandedness, and being pregnant. Current and lifetime diagnoses were assessed using the Structured Clinical Interview for DSM-5 (SCID; First, Williams, Karg, & Spitzer, 2015) . A consensus panel of at least three study staff/trained clinicians determined each subjects' eligibility for Study 1 and if there were co-occurring current disorders, which was the primary disorder warranting treatment. This decision was based on which IP symptoms were determined to be most severe and impairing at the time of study admission based on clinician interpretation and participant selfreport. A distinction between primary versus secondary IP was made in order to inform later treatment decisions (e.g., assignment to a particular SSRI, use of a particular cognitive-behavioral therapy manual) and track treatment progress. Given the highly co-occurring nature of internalizing psychopathologies, and recent initiatives to conduct empirical investigations with representative clinical samples (Morris & Cuthbert, 2012) , individuals were not excluded for comorbid disorders. Rather, they were classified by their clinician-determined primary diagnosis in order to test whether individuals presenting to treatment with a primary fearbased disorder, in a more naturalistic, real-world setting, would exhibit heightened reactivity to U-threat. Of the 80 individuals from Study 1, 12 were healthy controls, 18 had primary MDD, 21 had primary GAD, and 29 had primary SAD. No participants from Study 1 had a primary SP diagnosis (likely due to the more mild nature of SP relative to the other IPs).
A major aim of Study 2 was to examine threat responding within families and thus, required the enrollment of biological, sibling dyads. Participants were required to be between the ages of 18 and 30, be able to provide consent, and have at least one biological sibling willing and able to participate. Exclusion criteria included a personal or family history of mania or psychosis, a major medical or neurological illness, a history of serious head trauma, and left-handedness. Participants were not required to have DSM diagnoses but current and lifetime psychopathology was assessed via the same SCID interview that was used in Study 1. It is important to highlight that given these differences in aims, Study 1 and Study 2 differed in their recruitment of individuals with psychopathology and the way in which comorbidity was coded and handled. Most notably, within Study 2, there was no initial determination of a primary versus secondary IP. Therefore, for the current study, participants were only included if they had one current IP and no co-occurring current IPs to ensure that the present IP was primary. Of the 80 individuals from Study 2, 29 were healthy controls, seven had primary (i.e., current) MDD, eight had primary GAD, 12 had primary SAD, and 24 had primary SP.
Threat Task
All participants completed the same laboratory procedures and threat task, which has been extensively described by our group (Gorka et al., 2015 Shankman et al., 2013) . In brief, prior to the task, shock electrodes were placed on participants' left wrist and a shock work-up procedure was completed to identify the level of shock intensity each participant described as "highly annoying but not painful" (between 1 and 5 mA). Participants also completed a 2-min startle habituation task pre-and postelectrode placement to reduce early, exaggerated startle potentiation. The task itself was modeled after Grillon and colleagues NPU threat task and included no shock (N), predictable shock (P), and unpredictable shock (U) conditions. Text at the bottom of the computer monitor continuously informed participants of the current condition. Each condition lasted 145-s, during which a 4-s visual countdown (CD) was presented six times. The interstimulus intervals (ISIs; i.e., time between CDs) ranged from 15 s to 21 s during which only the text describing the condition was on the screen. No shocks were delivered during the N condition. A shock was delivered every time the CD reached 1 during the P condition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Shocks were delivered at random during the U condition (both during the CD and ISI). Startle probes were administered during both the CD and ISI and probes and shocks were separated by at least 10 s. Each condition was presented two times in a randomized order (counterbalanced). Participants received 24 total electric shocks (12 in P; 12 in U) and 60 total startle probes (20 in N; 20 in P; 20 in U).
Startle Data Collection and Processing
Startle data were acquired using BioSemi Active Two system (BioSemi, Amsterdam, the Netherlands). Stimuli were administered using Presentation (Albany, CA) in Study 1 and PSYLAB (Contact Precision Instruments, London, United Kingdom) in Study 2. Electric shocks lasted 400 ms and acoustic startle probes were 40-ms duration, 103-dB bursts of white noise with nearinstantaneous rise time presented binaurally through headphones.
Startle responses were recorded from two 4-mm Ag/AgCl electrodes placed over the orbicularis oculi muscle below the left eye. The ground electrode was located at the frontal pole (Fpz) of an electroencephalography cap that participants were wearing as part of the larger studies. One startle electrode was placed 1-cm below the pupil and the other was placed 1-cm lateral of that electrode. Data were collected using a bandpass filter of DC-500 Hz at a sampling rate of 2,000 Hz.
Blinks were processed (and scored) according to published guidelines (Blumenthal et al., 2005) . These steps included applying a 28 Hz high-pass filer, rectifying, and then smoothing using a 40 Hz low-pass filter. Peak amplitude was defined within 20 ms-150-ms following the probe onset relative to baseline (i.e., average activity for the 50-ms preceding probe onset). Each peak was identified by software but examined by hand to ensure acceptability. Blinks were scored as nonresponses if activity during the poststimulus time frame did not produce a peak that is visually differentiated from baseline. Blinks were scored as missing if the baseline period was contaminated with noise, movement artifact, or if a spontaneous or voluntary blink began before minimal onset latency. Blink magnitude values (i.e., condition averages include values of 0 for nonresponses) were used in all analyses.
Internalizing Symptoms
Participants in both studies completed the well-validated Inventory for Depression and Anxiety Symptoms-II (IDAS-II; Watson et al., 2012 )-a 99-item self-report measure designed to assess symptoms of internalizing psychopathology during the previous two weeks. Participants are asked to respond to each item using a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely) and scores are summed to create subscales that are linked to DSM-IV (APA, 2000) mood and anxiety symptom profiles. The scale yields 19 factor analytically derived symptom scales: depression, dysphoria, lassitude, insomnia, suicidality, appetite gain, appetite loss, ill-temper, well-being, panic, social anxiety, claustrophobia, euphoria, mania, traumatic intrusions, traumatic avoidance, and tendencies for checking, ordering, and cleaning. Prior research has demonstrated that the IDAS has excellent psychometric properties including internal consistency, test-retest reliability, and convergent and discriminant validity (Watson et al., 2012) . Reliability of the IDAS subscales in the current study ranged from good to excellent (␣ ϭ .79 -0.91). Within the current study, the IDAS was used to characterize the sample. Subscale means by diagnostic group are presented in Table 1 .
Data Analysis Plan
We first conducted a series of chi-square or one-way analyses of variance (ANOVA) to test whether there were any group differences in demographics or current comorbid diagnoses. Any of the tested variables that were found to vary across groups were subsequently included as covariates in our primary model. Prior to hypothesis testing we also conducted a 3 (Condition: N, P, U) ϫ 2 (Cue: CD, ISI) repeated measures ANOVA to confirm that across all subjects the task elicited startle to P-and U-threat as designed. Consistent with prior startle studies (e.g., , we also created startle potentiation scores for the P-and U-threat conditions to account for baseline individual differences in startle magnitude. For P-threat we subtracted startle magnitude during N CD from P CD . For U-threat, we subtracted average startle magnitude during N CD and N ISI from average startle magnitude during U CD and U ISI because the two phases of the unpredictable condition (and neutral condition) have the same meaning during the task.
To test for group differences, we next conducted a repeated measures ANOVA where potentiation to the threat conditions (P vs. U) was specified as a within-subjects variable and group (controls vs. GAD vs. MDD vs. SAD vs. SP) as a betweensubjects variable. Initially, no covariates were included in order to establish the pattern of results. A significant threat condition x group interaction was followed-up by testing the effect of group at each level of threat using two ANOVAs-one for P-threat and one for U-threat. At each level of threat, significant group effects were probed using post hoc Fisher's least significant difference (LSD) tests. In addition to between-groups differences, we also tested within-group differences in startle potentiation to U-and P-threat using a series of within group repeated measures ANOVAs.
The same omnibus repeated measures ANOVA was then rerun with several important covariates to determine whether the pattern of results was better accounted for by other factors. The identification of covariates is described below. In brief, because the diagnostic groups differed on biological sex, race, and total number of current comorbid IPs, these variables were included in the model as covariates. Study (1 or 2) was also added as a covariate given differences in recruitment and enrollment procedures. It is important to note that race was originally collected as a five-level variable (Caucasian, African American, Asian, Hispanic, and Other/Biracial) but as is presented in Table 1 , the five-level variable was not evenly distributed within, or across, groups. Race was therefore recoded into a two-level variable for inclusion in the model. Caucasian race was the majority and therefore specified as the referent group ("0") and non-Caucasian race was the comparison ("1"). A significant Threat Condition ϫ Group interaction was followed-up using procedures identical to the original model. For all ANOVAs, Geisser-Greenhouse p value adjustments were applied when relevant. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Results
Descriptives and Sample Characteristics
Demographic and clinical characteristics of the sample (Study 1 and Study 2) are presented in Table 1 . The groups differed on biological sex, 2 (4) ϭ 12.76, p Ͻ .05 and race, 2 (16) ϭ 12.76, p Ͻ .05. Within the patient groups there were also differences in the total number of current comorbid IPs, F(3, 118) ϭ 8.28, p Ͻ .01; LSD post hoc tests revealed GAD Ͼ SAD ϭ MDD Ͼ SP. With regard to other Axis I disorders, only alcohol use disorder (AUD), illicit substance use disorders (SUDs), and eating disorders were assessed and the groups did not differ in the prevalence of current, comorbid AUD, SUD or eating disorders (all ps Ͼ 0.05). Given these results, sex, race, and total number of current IPs (in addition to study) were included as covariates in subsequent analyses. Note. Significant group differences were tested using pair-wise comparisons (p Ͻ .05, chi-square test for categorical variables and Tukey's honestly significant difference test for continuous variables). Fear disorders include panic disorder, social anxiety disorder, and specific phobia. Distress disorders include major depressive disorder, generalized anxiety disorder, obsessive-compulsive disorder and dysthymia. AUD ϭ alcohol use disorder; SUD ϭ substance use disorder; IP ϭ internalizing psychopathology. N ϭ no-shock; P ϭ predictable shock; U ϭ unpredictable shock; CD ϭ countdown; ISI ϭ interstimulus interval. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Startle Task
There was a main effect of condition, Figure 1) . There was no significant main effect of study, or any Study ϫ Condition or cue interactions, indicating the pattern of results was the same across both labs.
Diagnostic Group Differences
We first ran an omnibus ANOVA without covariates (Model 1). Results of this model are presented in Table 2 . There was a significant main effect of group; however, this was qualified by a Threat Condition ϫ Group interaction. Follow-up ANOVAs revealed that the groups differed on startle reactivity to U-threat, F(4, 159) ϭ 8.32, p Ͻ .001, but not P-threat, F(4, 159) ϭ 1.58, ns. Post hoc LSD comparisons revealed that individuals with SAD and SP evidenced greater startle potentiation to U-threat relative to healthy controls and individuals with GAD or MDD (all ps Ͻ 0.02). Meanwhile, individuals in the healthy control, GAD, and MDD groups did not differ from one another (ps Ͼ 0.32), and individuals in the SAD and SP groups did not differ from one another (p ϭ .26; i.e., SAD ϭ SP Ͼ controls ϭ GAD ϭ MDD; see Figure 2a ).
With regard to within group comparisons, results indicated that there were no differences in startle potentiation to P-and U-threat within the HC and MDD groups (p Ͼ .34), and the GAD group though there was a trend-level effect for U-threat greater than P-threat, F(1, 28) ϭ 3.98, p ϭ .06. Meanwhile, SAD and SP individuals showed greater startle to U-threat compared with P-threat (ps Ͻ 0.05).
Model 1 was then rerun with covariates (Model 2). These results are also presented in Table 2 and indicate that the above effects are still observed when statistically controlling for sex, race, number of current comorbid IPs, and study. As anticipated, there was a significant main effect of group that was qualified by a Threat Condition ϫ Group interaction. The groups differed on startle reactivity to U-threat, F(4, 152) ϭ 8.81, p Ͻ .001, but not P-threat, F(4, 152) ϭ 1.54, ns. Identical to above, individuals with SAD and SP evidenced greater startle to U-threat relative to the other three groups (who did not differ from each other; SAD ϭ SP Ͼ controls ϭ GAD ϭ MDD; see Figure 2b ). In addition, the SAD and SP groups showed robust startle differentiation between U-and P-threat (ps Ͻ 0.05), whereas HC, MDD and GAD participants displayed comparable responding across the two threat conditions (ps Ͼ 0.09).
Discussion
Accumulating evidence suggests that heightened reactivity to U-threat is an important individual difference factor that characterizes fear-based IPs (Grillon et al., 2008; Shankman et al., 2013) . However, the majority of existing research on this topic has been centered on panic disorder and it is unclear whether heightened reactivity to U-threat is observed in other fear disorders, particularly SAD and SP. The specificity of reactivity to U-threat to fear-based IPs has also been called into question and no study to date has directly compared reactivity across multiple fear and distress/misery IPs. The current study was therefore designed to address the gaps in the existing literature and test whether heightened reactivity to U-threat is a psychophysiological indicator of fear-based psychopathology. In support of this hypothesis, current results indicate that individuals with SAD and SP evidence greater startle potentiation to U-threat, but not P-threat, relative to indi- Figure 1 . Mean startle magnitude values during each condition and cue type of the threat task by diagnostic group. N ϭ no-shock; P ϭ predictable shock; U ϭ unpredictable shock; CD ϭ countdowns; ISI ϭ interstimulus interval; HC ϭ healthy control; MDD ϭ major depressive disorder; GAD ϭ generalized anxiety disorder; SAD ϭ social anxiety disorder; SP ϭ specific phobia. Bars reflect standard error. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
viduals with GAD, MDD and healthy controls. Moreover, the findings revealed no differences in reactivity to U-threat between the two principal fear disorders (SAD ϭ SP), and between the distress/misery disorders and healthy controls (GAD ϭ MDD ϭ controls), indicating that, as hypothesized, reactivity to U-threat is elevated in fear-based IPs and not distress/misery IPs. Along with prior data from our lab and others (e.g., Grillon et al., 2008; Shankman et al., 2013) , these results suggest that individuals with primary fear-based disorders display an exaggerated sensitivity to uncertain threat and that startle potentiation represents a relatively easy-to-measure (Lang, 1995) neurobiological organizing construct for internalizing psychopathology.
As noted above, the current findings indicate that individuals with fear-based IPs have an exaggerated sensitivity to U-threat, which importantly fits with contemporary theoretical conceptualizations of panic disorder, SAD, and SP. According to both the DSM-5 (APA, 2013) and the broader literature, all traditional fear disorders are characterized by hyperarousal and exaggerated anticipatory anxiety in response to temporally unpredictable or ambiguous feared aversive stimuli. Although the specific type of aversive stimuli/threat varies by disorder (i.e., panic attacks in panic disorder, social situations in SAD, and phobia-related stimuli in SP; see Barlow, 2000) , all threats are inherently ambiguous or uncertain in some way which is a key characteristic given that uncertainty diminishes psychophysiological preparedness and drives anticipatory anxiety (Grupe & Nitschke, 2013) . For example, an individual with panic disorder and SAD fear different types of threat; however, both experience anticipatory anxiety due to the fact that the timing/onset of their respective threats is often unpredictable and in each instance, the duration and intensity of threat exposure is ambiguous. Uncertainty is therefore a common thread across the fear disorders (see Carleton, 2016 ) and considering the current findings, aberrant response to such uncertainty may be a core deficit of fear-based IPs that can be measured via startle potentiation.
If individuals with fear-based IPs are characterized by exaggerated psychophysiological responding to U-threat, it is important to consider the neural mechanisms that may underlie this dysfunction. As was briefly mentioned before, research indicates that there is a specific frontolimbic circuit that is engaged by U-threat that includes affect-generating limbic regions such as the amygdala, anterior insula (aINS), and BNST (Davis et al., 2010; Sarinopoulos et al., 2009; Shankman et al., 2014) , which project to subcortical structures like the brainstem, but also interact with affectmodulating prefrontal regions such as the dorsolateral, ventrolateral, and ventromedial prefrontal cortices, orbitofrontal cortex, and dorsal anterior cingulate cortex (Grupe & Nitschke, 2013; Grupe et al., 2012) . Within this circuit, two nodes that may be especially central to psychophysiological responding to U-threat are the aINS and BNST (Avery, Clauss, & Blackford, 2016; Singer, Critchley, & Preuschoff, 2009 ). The aINS is known to play a critical role in interoceptive awareness and generating anticipatory emotional responses for future events (Craig, 2009) , whereas the BNST mediates hypervigilance and sustained arousal (Somerville, Whalen, & Kelley, 2010) . Within highly reactive individuals, such as those with fear-based IPs, it is posited that during unpredictable threat aINS hyperactivity drives exaggerated subjective feelings of distress thereby promoting BNST response and anticipatory anxiety (Nitschke, Sarinopoulos, Mackiewicz, & Schaefer, & Davidson, 2006) . In addition, regulatory prefrontal regions, which typically exert adaptive inhibitory influences on the aINS and BNST to down-regulate anticipatory anxiety, are speculated to fail to respond, ultimately resulting in high levels of unregulated aversive reactivity (Kalisch & Gerlicher, 2014; Shackman et al., 2011) . Together, this suggests that dysfunctional frontolimbic circuit functioning mediates heightened startle potentiation to U-threat; though this hypothesis has yet to be empirically tested. If supported, this would suggest that behavioral and brain dysfunction in response to U-threat could reflect a novel phenotype for the fear-based dimension of psychopathology; and perhaps, a valuable prevention and intervention target for panic disorder, SAD, and SP.
The results of the current study highlight the potential role of reactivity to U-threat in fear-based IPs. They also help clarify the Mean startle potentiation to uncertain threat across each diagnostic group adjusted for sex, race, number of comorbid internalizing disorders, and study. Bars reflect standard error. HC ϭ healthy control; MDD ϭ major depressive disorder; GAD ϭ generalized anxiety disorder; SAD ϭ social anxiety disorder; SP ϭ specific phobia; U-threat ϭ uncertain threat. This document is copyrighted by the American Psychological Association or one of its allied publishers.
existing distress/misery literature. Consistent with the current findings, one prior study also found that GAD was not associated with reactivity to U-threat (Grillon et al., 2009) . Therefore, although GAD is conceptually related to sensitivity to uncertainty (Carleton, 2012) , laboratory startle studies have failed to find this association and response to U-threat in GAD and fear-based IPs seem to qualitatively differ. With regard to MDD, prior evidence has been mixed with some studies finding no association Nelson et al., 2013; Shankman et al., 2013) and others finding a significant positive association between depression and startle potentiation to U-threat (Grillon et al., 2013; Robinson et al., 2012) . The present results are consistent with the former set of studies and indicate that individuals with a primary diagnosis of MDD display comparable levels of reactivity with U-threat to healthy controls. Considered together, we argue that although there may be moderators that impact the association between depression and threat responding, which contribute to the mixed findings, heightened reactivity to U-threat is relatively specific to fear-based IPs and does not characterize the distress/misery disorders, including depression. With that said, it is necessary to point out that the majority of studies examining individual differences in U-threat have used electric shock as the aversive stimulus and it is possible that individuals with fear-based IPs may be more sensitive to shock (or other tactile threats) relative to individuals with distress/ misery IPs. Relatedly, if the aversive stimulus was nontactile, such as unpredictable rejection, a different pattern of results could emerge such that individuals with distress/misery, but not fearbased, IPs display an exaggerated sensitivity to U-threat. This question reflects an important next step in this line of work and will be essential in clarifying the role of reactivity to U-threat in internalizing psychopathology. Additional support for the specificity of the current findings comes from the larger affect-modulated startle potentiation literature. Startle eyeblink potentiation has been used as an index of aversive responding for decades and has been most often employed in studies examining responses to affective pictures (negative and positive) and emotional mental imagery (see Lang & McTeague, 2009 ). These studies do not manipulate the predictability of aversive stimuli directly and therefore capture defensive responding to negative events rather than anticipation of negative events. Interestingly, despite these methodological differences, the pattern of results across startle studies has been remarkably consistent. For example, in a series of studies using aversive imagery, Lang and colleagues have demonstrated that individuals with circumscribed fears or traditional fear-based disorders display exaggerated startle potentiation to threat/negative stimuli relative to healthy controls, whereas individuals with high levels of broad distress and principal distress/misery disorders display attenuated startle potentiation to threat (Lang & McTeague, 2009; Lang, McTeague, & Bradley, 2016; . This further highlights that startle potentiation to threat distinguishes fear-based IPs from distress/misery disorders and that individuals along the fear spectrum display exaggerated startle responding.
The present study was specifically designed to examine differences in startle potentiation across DSM-defined principal IPs given that diagnoses are still the foundation of current psychiatric nosology and for the time being, are heavily relied upon for treatment decision making (APA, 2013) . However, DSM disorders are also heterogeneous and it is therefore important to consider the role of transdiagnostic processes and symptoms in neurobiological responding. Interestingly, the startle studies noted above by Lang and colleagues (Lang & McTeague, 2009; Lang, McTeague, & Bradley, 2016; have found that patterns of startle responding differ not only by DSM diagnosis but also along the broad dimension of self-reported affective distress. More specifically, individuals who have the most circumscribed fear, with little broad affective distress, have been shown to demonstrate the highest level of startle potentiation, whereas individuals with the least circumscribed fear and the highest affective distress, exhibit the lowest level of startle potentiation (Lang & McTeague, 2009; McTeague et al., 2010; McTeague, Lang, Wangelin, Laplante, & Bradley, 2012) . Due to differences in the battery of self-report questionnaires that were administered in Study 1 and Study 2, we are unable to combine self-report data in a way that would allow us to identify unique fear and distress/misery dimensions to test how broad IP symptoms map onto startle potentiation to U-and P-threat. This therefore reflects an important next step in this line of RDoC-related work. At the same time, it is also worth mentioning that despite differences in levels of affective distress and varying symptom profiles across disorders (see IDAS subscale means in Table 1 ) in the present study, a clear pattern emerged based on the DSM distinction between fear IPs and distress/misery IPs. For startle potentiation to U-threat, DSM disorders may therefore reflect a meaningful category/distinction; although, the similarities in responding within the fear-based IPs and the distress/ misery IPs are consistent with the notion that internalizing disorders may actually reflect two categories (fear vs. distress) rather than multiple categories (e.g., MDD, GAD, etc.; Clark & Watson, 2006) .
The current study had several strengths including the use of a well-validated threat paradigm and inclusion of multiple diagnostic groups. There are also several limitations that are important to highlight. First, some participants taken from Study 1 had comorbid, current IPs. We should note that we see this as both a strength and a limitation as the study was ultimately designed to inform clinical research and test whether individuals that present to treatment with a primary, principal fear-based IP would display heightened reactivity to U-threat. Our hypothesis was supported which speaks to the potential role of reactivity to U-threat as a real-world clinical target for fear-based disorders and our results were identical whether or not we statistically controlled for current number of comorbid IPs. It is necessary to acknowledge, however, that comorbidity may still have impacted the current results. Second, although the current study included tests of multiple forms of psychopathology, we did not have enough participants to create groups for all internalizing disorders (e.g., panic disorder, OCD, PTSD, bipolar disorder, dysthymia) and therefore the specificity of the current findings to only fear-based disorders is still somewhat unclear and requires further examination.
In sum, the current study indicates that like panic disorder, SAD and SP are associated with heightened reactivity to U-threat, and this response profile distinguishes fear-based from distress/misery IPs. These findings broadly imply that individual differences in reactivity to U-threat may contribute to the pathophysiology of all fear-based IPs and could represent an important prevention and intervention target. They also suggest that startle potentiation to U-threat could be a valuable organizing construct for the IPs that reflects core neurobiological deficits and classifies disorders based This document is copyrighted by the American Psychological Association or one of its allied publishers.
on their objective response profile. In other words, rather than distinguishing between the different DSM-defined IPs, an individual may one day be classified by their startle response and treatment decisions could be based on their neurobiological profile. Given increasing interest in both reactivity to uncertainty, and transdiagnostic mechanisms of dysfunction, research should continue to investigate whether heightened reactivity to U-threat holds promise as a neurobiologically based diagnostic phenotype.
